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5 Vehicle and method for automatic choice of gear in a gear 
box mounted in a vehicle 

BACKGROUND OF THE INVENTION 

The present invention relates to a vehicle according to the preamble to claim 1 
and a method for automatic gear selection in a gearbox forming part of a vehicle 
10 as a function of the current rotational speed of a shaft forming part of the said 
gearbox according to claim 13. 

DESCRIPTION OF THE PRIOR ART 

In order to facilitate the handling of vehicles they are provided, where 
15 appropriate, with automatic gearboxes. The term automatic gearboxes relates 
to all types of gearboxes in which gears are selected without the direct 
intervention of an operator or driver. An example of an automatic gearbox in 
which gears are selected via an electronic control unit is given in EP 155043. 
Where appropriate, automatic gearboxes can be set to an operating mode in 
20 which the operator or driver selects gears by activating a gear selector. An 
example of a gear selection device is given in WO 01755622. The invention can 
also be used in a type of gearbox in which the device described in WO 01/55622 
is used, in which gears are selected without the direct intervention of an operator 
or driver. 

25 

In known electronically controlled automatic gearboxes, downshifting to a lower 
gear is controlled in that a control element receives information on the current 
rotational speed of the gearbox or alternatively the current rotational speed of an 
engine coupled to the gearbox. Downshifting is done in order to ensure that 
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sufficient torque is available to drive the gearbox. Figure 1 shows a torque 
curve giving the torque delivered as a function of the speed of a diesel internal 
combustion engine. The torque curve shows a relatively steep flank from the 
idling speed, after which the torque levels out around an operating range and 
5 then falls sharply. In order to achieve good driveability in a vehicle having an 
internal combustion engine, a signal for downshifting to a lower gear is emitted 
when the internal combustion engine is in an operating condition corresponding 
to an engine speed situated approximately midway along the said steep flank. 
For conventional diesel engines intended for heavy trucks the gearbox control 
10 unit is designed with a higher transmission ratio of up to approximately 800 - 
1200 rpm, depending, for example, on load, gradient and accelerator pedal 
position. A common idling speed for internal combustion engines intended for 
heavy trucks is approximately 600 rpm. 

15 Gearboxes for heavy vehicles are normally equipped with a large number of 
gear positions. A normal number of gears for a vehicle in forward drive may be 
12 to 18 gears. This means that the difference in transmission ratio between 
two gears is relatively slight, so that a large number of gears will be encountered 
when running at varying speed or varying torque. This is normally positive when 

20 a heavily laden vehicle can accelerate freely from stationary to the desired 
running speed. On the other hand, gearshifts are experienced as problematical 
in driving situations in which a driver has temporarily released the throttle before 
accelerating away immediately thereafter, as when a vehicle slows down in 
cornering or taking a roundabout, for example. Another example of operating 

25 interference due to frequent gearshifts is when a vehicle has to be driven in a 
line of traffic, in which a sequence of gearshifts under torque occurs despite the 
fact that the driver primarily wishes to maintain and adjust the speed of his 
vehicle to the speed of the line of traffic. Unwanted gearshifts generally give a 
vehicle characteristics that are difficult to control, firstly since the drive torque to 
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the wheels of the vehicle varies with the gear ratio in the gearbox, and secondly 
because the gearshift sequence takes a relatively long time during which the 
working of the drivetrain is interrupted. The overall result is a drive torque that is 
difficult to control, to the detriment of the vehicle handling characteristics. 

5 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a vehicle containing an internal 
combustion engine and a drivetrain coupled to the said internal combustion 
engine, comprising a gearbox and a control unit for automatic gear selection as 

1 0 a function of the current rotational speed of an input shaft to the gearbox, in 
which the controllability of the drive torque is increased when operating the 
vehicle under low engine load. This object is achieved by a vehicle according to 
the characterizing part of claim 1, so that in addition to a first operating mode 
corresponding to normal driving with a first downshift limit, it can assume a 

15 second operating mode having a second working rotational speed with a second 
lower limit for downshifting to a gear with a higher transmission ration, in which 
the second limit is lower than the idling speed of the internal combustion engine 
and is equal to a lower rotational speed than the first limit, thereby permitting a 
larger working range in which fewer gears will be encountered, thus giving the 

20 driver improved torque control. By means of the invention, therefore, the vehicle 
can be driven at idling speed while ever sufficient torque is available. In such 
cases the speed of the vehicle is determined by the gear engaged. 

The term transmission ratio relates to the input rotational speed to the gearbox 
25 divided by the output rotational speed from the gearbox. 

In a first preferred embodiment the control unit comprises a memory unit in 
which a representation of the highest permitted gear in the said second working 
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speed range is stored. This ensures that the correct gear is engaged and that 
sufficient torque is available. 

In a second preferred embodiment the control unit is coupled to elements for 
5 indicating the selection of first or second operating mode. 

In a third preferred embodiment the control unit is designed to select the said 
highest permitted gear when the control unit has assumed the said second 
operating mode. 

10 

In a fourth preferred embodiment the specified torque at the said idling speed is 
controlled by an idling speed regulator connected to the internal combustion 
engine of the vehicle. This means that the vehicle can be driven at constant 
speed in a manner easily controllable by the driver. 

15 

In a fifth preferred embodiment of the invention the representation of the highest 
permitted gear comprises a representation defining the highest permitted gear at 
idling speed as a function of the current weight of the vehicle and the current 
gradient of the road on which the vehicle is being driven. Basing the 
20 representation of the highest permitted gear on information on the vehicle weight 
and the road gradient means that the dynamic conditions of the vehicle are 
given, so that the magnitude of the required drive torque can be estimated with a 
good degree of accuracy. 

25 In a sixth preferred embodiment the control unit contains a representation 
defining the highest permitted starting gear as a function of the current weight of 
the vehicle and the current gradient of the road on which the vehicle is being 
driven. According to this embodiment the representation defining the highest 
permitted gear at idling speed is based on the representation defining the 
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highest permitted starting gear. This means that available information can be 
used for two purposes, thereby saving on data capacity. 

In a seventh preferred embodiment the representation defining the highest 
5 permitted gear at idling speed consists of the said representation defining the 
highest permitted starting gear plus a predetermined number of gear shift 
stages. The preferred embodiment provides a gear selection when driving at 
idling speed, which by very simple means gives sufficient available torque at 
idling speed. 

10 

In an eighth preferred embodiment the vehicle contains elements for 
establishing that the internal combustion engine is delivering sufficient torque for 
operation of the vehicle at an operating speed equal to a rotational speed of a 
gearbox input shaft below the said first limit. This element ensures that 
15 sufficient torque is available for operation in the highest permitted gear. Should 
sufficient torque not be available, the control unit ensures that a lower gear is 
selected. 

In a ninth preferred embodiment the vehicle drivetrain contains a clutch unit 
20 arranged between the internal combustion engine and the gearbox, the 
drivetrain being divided into a first part up to the clutch unit and comprising the 
internal combustion engine and a second part from the clutch unit onwards and 
comprising the gearbox. According to this ninth embodiment the second 
downshifting limit is equal to a speed lower than the idling speed of the internal 
25 combustion engine, and the vehicle furthermore contains a sensor for measuring 
the current rotational speed, the said sensor being designed to measure the said 
rotational speed in the second part of the drivetrain. According to the 
embodiment the clutch unit is designed to absorb a speed differential between 
the rotational speed of the first and second parts of the drivetrain where 
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insufficient torque has been delivered from the internal combustion engine, 
following which a rotational speed equal to the second downshifting limit is 
reached and downshifting is permitted. This embodiment provides highly 
reliable elements for establishing that the internal combustion engine is 
5 delivering sufficient torque. 

In a tenth preferred embodiment the control unit is designed to establish that the 
internal combustion engine is delivering sufficient torque by performing a 
comparison between an estimate of the torque delivered by the internal 
10 combustion engine in the current operating state and the torque demanded from 
the internal combustion engine for operation of the vehicle in the current 
operating state. 

In an eleventh preferred embodiment the elements for indicating selection of the 
first or second operating mode comprise a throttle lever forming part of the 
vehicle, the said control unit being designed to assume its second operating 
mode should the throttle lever be released into an idling position whilst in 
motion. By utilizing the throttle lever and the fact that a driver releases the 
throttle lever in a given operating situation, entry into the second operating mode 
occurs in a natural vehicle operating state, thereby improving the handling drive 
characteristics of the vehicle. 

The invention also relates to a method for automatic gear selection in a gearbox 
forming part of a vehicle as a function of the current rotational speed of a shaft 
25 forming part of the said transmission. The method according to claim 13 
provides a vehicle in which operation for the said highest permitted gear is 
allowed within a larger working range, so that fewer gearshifts will be performed, 
thereby improving a driver's control over the drive torque. 



15 



20 
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Other preferred embodiments relating to methods of automatic gear selection 
have advantages in common with the aforementioned preferred embodiments of 
the vehicle. 

DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the invention will be described in more detail below 
with reference to the drawings attached, in which 

Fig. 1 shows a torque curve from a diesel engine in which the invention can 



advantageously be used, 



Fig. 2 



shows a schematic representation of a type of internal combustion 
engine with drivetrain in which the invention can advantageously be 



used 



Fig. 3 



shows a schematic representation of a gearbox of a type in which 
the invention can advantageously be used, 



Fig. 4 



shows a schematic representation of a drivetrain, 



Fig. 5 



shows a schematic representation of a control algorithm for the 
gearbox control unit, 



Fig. 6 



shows a gear selection diagram, 



Fig. 7 



shows a gear selection diagram in the second operating mode of the 
control unit, 



Fig. 8 



shows a representation of starting gear selection 
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Fig. 9 shows a flow chart for a method for automatic selection of gearshift 
position, 

5 Fig. 10 shows a detail from the flow chart shown in Figure 8. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 2 shows a schematic representation of a type of internal combustion 
10 engine with drivetrain in which the invention can advantageously be used. 1 
denotes a six-cylinder internal combustion engine, for example a diesel engine, 
the crankshaft 2 of which is coupled to a single-disk dry-plate clutch generally 
denoted by 3, which is enclosed in a clutch cover 4. The crankshaft 2 is 
rotationally fixed to the clutch housing 5 of the clutch 3, whilst the plate disk 6 
15 thereof is rotationally fixed to an input shaft 7, which is rotatably supported in the 
casing 8 of a gearbox generally denoted by 9. A main shaft 10 and an 
intermediate shaft 11 are rotatably mounted in the casing 8. An electrical 
machine 82, which is an integrated starter motor and alternator, which can thus 
be controlled either as motor for driving the crankshaft 2 of the internal 
20 combustion engine or, driven by the engine crankshaft, as alternator for 
generating electrical current, is connected between the crankshaft 2 of the 
engine and the clutch 3. 

As will be most clearly seen from Figure 3, a gear 12 is rotatably mounted on the 
25 input shaft 7 and can be locked to the shaft by means of a clutch sleeve 13, 
which is provided with synchromesh elements and is supported so that it cannot 
rotate but is axially displaceable on a hub 14 rotationally fixed to the input shaft. 
By means of the clutch sleeve 13, a gear 15 rotatably supported on the main 
shaft 10 can also be locked in relation to the input shaft 7. With the clutch 
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sleeve 13 in a middle position, both gears 12 and 15 are disengaged from their 
shafts 7 and 10 respectively. The gears 12 and 15 mesh with gears 16 and 17 
respectively, which are rotationally fixed to the intermediate shaft 11. Further 
gears 18, 19 and 20 are torsionally fixed on the intermediate shaft 11, these 
5 gears meshing with gears 21, 22 and 23 rotatably supported on the main shaft 
10, which can be locked on the main shaft by means of clutch sleeves 24 and 
25, which in the exemplary embodiment shown lack synchromesh devices. A 
further gear 28 is rotatably supported on the main shaft 10 and meshes with an 
intermediate gear 30, which is rotatably supported on a separate shaft 29 and 
10 which in turn meshes with the intermediate shaft gear 20. The gear 28 can be 
locked on its shaft by means of a clutch sleeve 26. 

The gear pairs 12, 16 and 15, 17 together with the clutch sleeve 13 form a 
splitter group having a low shift stage LS and a high shift stage HS. The gear 

1 5 pair 1 5, 1 7 together with the gear pairs 21 , 18, 22, 1 9, 23, 20 and 28, 30 form a 
basic gearbox with four forward gears and one reverse gear. Torsionally fixed to 
the output end of the main shaft is a gear 31 , which forms the sun gear in a split- 
range transmission of the planetary-type denoted by 32, the planet wheel carrier 
33 of which is torsionally fixed to a shaft 34, which forms the gearbox output 

20 shaft. Planet wheels 35 of the range transmission 32 mesh with an annular gear 
36, which by means of a clutch sleeve 37 can be locked in relation to the 
gearbox casing 8 for low range LR and in relation to the planet wheel carrier 33 
for high range HR. The clutch sleeves 13, 24, 25, 26 and 37 are displaceable as 
indicated by the arrows in Figure 3, giving the shift positions shown adjacent to 

25 the arrows. They are displaced by servo devices 40, 41, 42, 43, and 44, 
indicated schematically in Figure 3, which may be electro-pneumatically 
operated piston-cylinder arrangements of the type used in a gearbox of the 
above-mentioned type, marketed under the name of Geartronic ®. 
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The servo devices 40, 41, 42, 43 and 44 are controlled by an electronic control 
unit 45 (Figure 2), comprising a microprocessor, as a function of signals 
representing various engine and vehicle data that are fed into the control unit, 
which cover at least the engine speed, road speed, accelerator pedal position 
5 and, where appropriate, engine brake off/on, when an electronic gear selector 
46 coupled to the control unit 45 is in its automatic shift position. When the 
selector is in the manual shift position, shifting is performed at the driver's 
command via the gear selector 46. A management unit 53 separately assigned 
to the engine also controls the fuel injection, that is to say the engine speed, as 
10 a function of the accelerator pedal position and the air supply to a pneumatic 
piston-cylinder arrangement 47, by means of which the clutch 3 is disengaged. 

Figure 4 shows a schematic representation of a drivetrain. The drivetrain 
comprises the internal combustion engine 1 , the clutch 3 where appropriate, the 
gearbox 9, a drive shaft 48 coupled to the gearbox output shaft, driven axle 49 
and wheel 50. According to one embodiment of the invention, which has also 
been described above, the internal combustion engine 1 is coupled to the 
gearbox 9 via a clutch 3, which may be of dry-plate type. The drivetrain is 
thereby divided into a first part 51, which extends up to the clutch unit and 
includes the internal combustion engine 1 , and a second part 52 from the clutch 
unit 3 which comprises the gearbox 9 together with a control unit 45 for 
automatic gear selection as a function of the current rotational speed of a 
gearbox input shaft. 

25 The internal combustion engine is conventionally controlled by an engine 
management unit 53, which among other things controls the fuel injection 
quantity as a function of a current operating state of the vehicle. A decisive 
parameter for the operating state is the torque demand, which is controlled from 
a throttle lever 54 situated on the vehicle. 



15 



20 
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The engine management unit 53 may be included in the aforementioned control 
unit 45 for automatic gear selection, or the engine management unit may 
alternatively be a separate unit in communication with the control unit 45. 

5 

According to a preferred embodiment the vehicle furthermore comprises 
elements for estimating the vehicle weight 76 and elements 77 for estimating the 
current gradient of the road on which the vehicle is being driven. The said 
elements are designed in a way familiar to the person skilled in the art; for 
10 example the elements for estimating the vehicle weight may take the form of 
pressure load cells placed in the vehicle pneumatic suspension. The elements 
for estimating the road gradient may take the form of a gyro. 

The microprocessor arranged in the control unit 45 for automatic gear selection 
15 is designed to be controlled according to a control algorithm, which is shown in 
Figure 5. A first processing stage asks 55 for the selection of first or second 
operating mode as indicated by operating mode selection indicator elements, 
which according to a preferred embodiment of the invention consist of the 
throttle lever 54. According to a preferred embodiment of the invention the 
20 control unit 45 assumes the second operating mode when a driver releases the 
throttle lever 54 in operation of the vehicle. The control unit will be kept in the 
second operating mode either until the brake pedal 78 present on the vehicle 
activates brakes 79 present on the vehicle, or until the throttle opening exceeds 
a specific upper limit, preferably corresponding to a throttle opening of 25 - 
25 35%. According to one embodiment of the invention the control unit leaves its 
second operating mode when upshifting has occurred to a gear which lies 
outside the gear range which is defined by the interval between the lowest gear 
and the highest permitted gear when idling. If the first operating mode 56 has 
been selected, shifting is performed according to a first gear selection algorithm, 
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and if the second operating mode 57 has been selected shifting is performed 
according to a second gear selection algorithm. The control unit undertakes a 
recurrent updating of the operating mode selection so that in operation the 
vehicle is in the correct operating mode. 

5 

As a minimum, input data for each operating mode comprise information on the 
throttle opening 58, which is given from the throttle lever 54, and information on 
the current rotational speed 59 of the internal combustion engine or the 
drivetrain. In some familiar embodiments of control systems for vehicles, there 

10 are a number of sensors which register the engine speed and/or the rotational 
speed of shafts forming part of the gearbox 9. In the exemplary embodiment 
shown in Figure 4 an inductive sensor 60 coupled to the intermediate shaft 11 in 
the gearbox 9 supplies information on the rotational speed of the intermediate 
shaft. From the aforementioned information containing data on the throttle 

15 opening 58 and the rotational speed 59, the respective control algorithm in the 
first and the second operating modes supplies output data 61 in the form of a 
selected gear. This output data in turn controls servo devices 40, 41, 42, 43 and 
44 forming part of the gearbox 9, the gearbox transmitting torque through the 
required gear. 

20 

Figure 6 shows a schematic representation of a gear selection strategy for 
upshifting and downshifting. The gear selection strategy that is used in the first 
normal mode is represented by solid lines and the gear selection strategy that is 
used in the second mode is represented by dashed lines. The gear selection 
25 strategy is described in a diagram with accelerator pedal position on the 
horizontal axis and the engine speed on the vertical axis. The lower curve 62 
corresponds to a lower limit for downshifting to a gear with a higher transmission 
ratio. If the lower curve 62 is passed with engine speed falling as indicated by 
the arrow 66, downshifting occurs. The upper curve 63 corresponds to an upper 
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limit for upshifting to gear with a lower transmission ratio. If the upper curve 63 
is passed with engine speed increasing as indicated by the arrow 66 upshifting 
occurs. Also shown by dashed lines is a second working speed range defined 
by a second lower limit 69 for downshifting to a gear with a higher transmission 
5 ratio. The second limit is lower than the idling speed of the internal combustion 
engine, which is indicated by a dashed line 80. If the control has assumed its 
second operating mode, which according to a preferred embodiment occurs if 
the driver releases the accelerator pedal, once the gearbox has assumed the 
highest permitted gear for driving at idling speed downshifting will not take place 

10 until the rotational speed in the gearbox is equal to a speed that is lower than 
the idling speed of the internal combustion engine. If the rotational speed is 
equal to the second lower limit 69, the internal combustion engine is delivering 
insufficient torque to permit driving at idling speed, so that downshifting occurs. 
In one embodiment of the invention the vehicle strategy for upshifting is also 

15 modified with the result that an upper limit 71 in excess of the upper limit 63 is 
established. In this case, in the second mode operation without upshifting is 
permitted in a working range with an upper limit 71, which exceeds the upper 
limit for operation in the first mode. 

20 The first operating mode 56 defines a first working speed range with a first limit 
68 for downshifting to a gear with a higher transmission ratio. This lower limit is 
represented by the lowest speed acceptable for a slight or non-existent throttle 
opening. The lower limit relates to the lowest accepted downshifting speed 
when downshifting by one shift stage. According to the preferred embodiment 

25 shown, this limit 68 is defined by a throttle opening of less than 30%. 



Figure 7 shows a schematic representation of a gear selection strategy for 
upshifting and downshifting respectively, these strategies being used in the 
second operating mode. When the control unit 45 has assumed the second 
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operating mode 57, the control unit seeks the highest permitted gear in a second 
working speed range 70, which has a second downshifting limit 69. The second 
limit is equal to a lower rotational speed than the first limit 68. In a preferred 
embodiment of the invention the second limit 69 is set to a rotational speed 
5 lower than the idling speed of the internal combustion engine 1 . In this case the 
rotational speed must be measured in the drivetrain on that side of the clutch 
unit where the gearbox 9 is located. According to one embodiment which has 
been described above, measurement is performed on the intermediate shaft 1 1 
by means of an inductive sensor. 

10 

The gear selection strategy also has an upshifting limit 71, which is equal to a 
high engine speed. According to one embodiment of the invention the upper 
limit 71 may be set, for example, to 1400 rpm. According to a preferred 
embodiment the second operating mode 57 only permits limited throttle opening, 
15 a higher throttle opening resulting in exit from the second mode 57 and 
assumption of the first mode 56. According to a preferred embodiment this 
throttle opening limit is represented by a throttle opening of 30%. 

The control unit 45 contains a memory unit 72 in which is stored a 
20 representation of the highest permitted gear in the said second working speed 
range. A preferred embodiment of this representation 73 is shown in Figure 8. 
The representation 73 defines the highest permitted starting gear as a function 
of the current weight of the vehicle and current gradient of the road on which the 
vehicle is being driven. The gradient is given on the vertical axis, a positive 
25 inclination indicating an uphill gradient. The weight of the vehicle is given on the 
horizontal axis. The highest permitted gear is given for the ranges shown in the 
figure. Information on the weight of the vehicle and the road gradient is supplied 
by elements for estimating the vehicle weight 76 and elements for estimating 
the road gradient 77. From this representation 73 a representation 74 is formed 
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of the highest permitted gear for driving at the idling speed of the internal 
combustion engine and is stored in the said second working speed range 
through the addition of a predetermined number of shift stages, for example 4 
where a twelve-speed gearbox is used. When the second operating mode is 
5 activated, the control unit 45 receives information on the highest gear selected, 
this gearshift position being maintained in the substantially larger working range 
70. 

The engine management unit 53 contains an idling speed regulator 75, which 
ensures that the idling speed of the internal combustion engine is maintained 
under different engine loads. It will be seen from Figure 1 that at idling speed, 
that is to say approximately 600 rpm, the internal combustion engine has an 
available torque equal to approximately 50% of the maximum torque. This 
means that the engine has the capacity to drive the vehicle down to the idling 
speed, provided that a sufficiently low gear is used. If the second limit 69 is set 
to a speed equal to the idling speed or lower, the idling speed regulator can thus 
be used for stable operation of the vehicle at a relatively constant speed of 
travel. 

20 According to a preferred embodiment of the invention the vehicle contains 
elements for establishing that the internal combustion engine is delivering 
sufficient torque for operation of the vehicle in the second working speed range 
70. According to one embodiment these elements comprise the control unit 45, 
which calculates the available torque and compares this with a torque demand 

25 based on the gear selected, the vehicle weight and the road gradient. According 
to a second embodiment of the invention the said elements comprise the vehicle 
clutch 3, which in this case must be designed so that a differential speed occurs 
over the clutch when the engine is incapable of delivering the torque that is 
required in the current operating state. In this case the second downshifting limit 
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is located below the idling speed, slipping of the clutch occurring in the event of 
insufficient torque being available. A gradual disengagement then occurs so 
that the second limit 69 is reached and downshifting takes place. In this case 
the control unit does not leave the second operating mode but preferably 
5 remains with a new highest accepted gear. 

Figure 9 shows a flow chart for a method of automatic gear selection in a 
gearbox forming part of a vehicle as a function of the current rotational speed of 
a shaft forming part of the said gearbox. The method comprises a first stage 

10 100 establishing a first operating mode of a control unit, in which the first 
operating mode comprises a first working speed range with a first lower limit for 
downshifting to a gear with a higher transmission ratio. In a second stage 1 1 0 of 
the method a second operating mode of the said control unit is established in 
which the second operating mode comprises a second working speed range 

15 with a second lower limit for downshifting to a gear with a higher transmission 
ratio. In a third stage 120 of the method a representation is established of the 
highest permitted gear in the said second working speed range of the said 
control unit. In a fourth stage 130 of the method either the said first or second 
operating mode of the said control unit is selected. In a fifth stage 140 of the 

20 method a downshift signal to a gearbox is generated on passing the said first 
limit, should the control unit have assumed its first operating mode. In a sixth 
stage 150 of the method, the vehicle is driven in the said highest permitted gear 
in the said second speed range. In a seventh stage 160 of the method a 
downshift signal to a gearbox is where necessary generated on passing the said 

25 second limit, should the control unit have assumed its second operating mode. 
After downshifting, the control unit normally maintains its second operating 
mode 110. In each stage of the method it is possible to return from the second 
to the first operating mode. Figure 10 shows a schematic representation of the 
sixth stage 150 of the method in which, from input data relating to the vehicle 
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weight 58 and road gradient 59, output data on the highest permitted gear 61 
are emitted from a representation 73. 

In a preferred embodiment of the method described above, downshifting from 
5 the said highest permitted gear at idling speed is undertaken following the 
occurrence of slip in a clutch unit forming part of the vehicle drivetrain, the said 
slip occurring as a result of the fact the torque required to drive the vehicle in the 
current operating situation is greater than a predetermined torque level of the 
idling speed regulator of the internal combustion engine. 

10 

In a further preferred embodiment of the method described above the control 
unit assumes its second operating mode in that a throttle lever forming part of 
the vehicle is released during operation of the vehicle. 

15 The invention is not confined to the exemplary embodiments described above, 
but can be freely modified without departing from the scope of the following 
claims. For example, the engine and gearbox may be designed in alternative 
ways familiar to the person skilled in the art. The drivetrain need not contain a 
dry-plate clutch but can be designed with a torque converter in a manner familiar 

20 to the person skilled in the art. In particular the invention can also be used in 
more complex gear selection strategies than those described above, such as 
gear selection strategies involving multiple upshifting or downshifting stages, for 
example. 
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CLAIMS 

1) A vehicle comprising a drivetrain, having an internal combustion engine 
(1) and a gearbox (9) coupled to the said internal combustion engine, 
and a control unit (45) for automatic gear selection as a function of the 
current rotational speed of an input shaft to the gearbox (9), in which the 
said control unit (45) has a first operating mode (56) with a first working 
speed range (81) defined by a first lower limit (68) for downshifting to a 
gear with a higher transmission ratio, characterized in that the said 
control unit (45) has a second operating mode (57) with a second 
working speed range (70) defined by a second lower limit (69) for 
downshifting to a gear with a higher transmission ratio, in which the 
second limit (69) is lower than the idling speed (80) of the internal 
combustion engine and is equal to a lower rotational speed than the first 
lower limit (68). 

2) The vehicle as claimed in claim 1, characterized in that the control unit 
(45) comprises a memory unit (72) in which a representation (74) of the 
highest permitted gear in the said second working speed range (70) is 
stored. 

3) The vehicle as claimed in claim 1 or 2, characterized in that the said 
control unit (45) is designed to select the said highest permitted gear or a 
gear lower than the said highest permitted gear when the control unit has 
assumed the said second operating mode (57). 

4) The vehicle as claimed in claim 1, 2 or 3, characterized in that the said 
control unit is coupled to elements (54) for indicating the selection of first 
or second operating mode. 
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5) The vehicle as claimed in any of the preceding claims, characterized in 
that the vehicle contains an engine management unit (53), which 
comprises an idling speed regulator (75), the said idling speed regulator 
5 (75) being designed to control the torque delivered from the internal 

. combustion engine (1) when the vehicle is operated at idling speed in the 
said second operating mode (57). 



6) The vehicle as claimed in any of the preceding claims, characterized in 
10 that the said representation (74) of the highest permitted gear comprises 

a representation (74) defining the highest permitted gear when driving at 
idling speed as a function of the current weight of the vehicle and the 
current gradient of the road on which the vehicle is being driven. 



15 7) The vehicle as claimed in claim 6, characterized in that the said control 
unit (45) contains a representation (73) defining the highest permitted 
starting gear as a function of the current weight of the vehicle and the 
current gradient of the road on which the vehicle is being driven, and that 
the said representation (74) defining the highest permitted gear when 

20 driving at idling speed is based on the representation defining the 

highest permitted starting gear. 



8) The vehicle as claimed in claim 7, characterized in that the said 
representation (74) defining the highest permitted gear at idling speed 

25 consists of the said representation defining the highest permitted starting 

gear (73) plus a predetermined number of gear shift stages. 

9) The vehicle as claimed in any of the preceding claims, characterized in 
that the vehicle contains elements (45, 3) for establishing that the 
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internal combustion engine is delivering sufficient torque for operation of 
the vehicle at an operating speed equal to a rotational speed of a 
gearbox input shaft below the said first limit (68). 

5 10) The vehicle as claimed in claim 9, in which the said drivetrain contains a 
clutch unit (3) arranged between the internal combustion engine and the 
gearbox, the drivetrain being divided into a first part (51) up to the clutch 
unit and comprising the internal combustion engine (1) and a second 
part from the clutch unit (3) onwards and comprising the gearbox (9), 

10 characterized in that the said second limit (69) for downshifting is equal 

to a speed lower than the idling speed (80) of the internal combustion 
engine, that the vehicle contains a sensor for measuring the current 
rotational speed (60), and that the said sensor (60) is designed to 
measure the said rotational speed in the second part (52) of the 

15 drivetrain, the said clutch unit (3) being designed to absorb a speed 

differential between the rotational speed of the first and second parts 
(51 152) of the drivetrain where insufficient torque has been delivered by 
the internal combustion engine (1), following which a rotational speed 
equal to the second downshifting limit is reached and downshifting is 

20 permitted. 



11) The vehicle as claimed in claim 9, characterized in that the said control 
unit (45) is designed to establish that the internal combustion engine (1) 
is delivering sufficient torque by performing a comparison between an 
25 estimate of the torque delivered by the internal combustion engine (1) in 

the current operating state and the torque demanded from the internal 
combustion engine (1) for operation of the vehicle in the current 
operating state. 
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The vehicle as claimed in any of the preceding claims, characterized in 
that the said elements (54) for indicating selection of the first or second 
operating mode comprise a throttle lever (54) forming part of the vehicle, 
the said control unit being designed to assume its second operating 
mode (57) should the throttle lever (54) be released into an idling 
position whilst in motion. 

A method for automatic gear selection in a gearbox (9) forming part of a 
vehicle as a function of the current rotational speed of a shaft forming 
part of the said gearbox comprising the following stages: 

- establishing of a first operating mode (56) of a control unit (45), in 
which the first operating mode (56) comprises a first working speed 
range (81) with a first lower limit for downshifting to a gear with a 
higher transmission ratio; 

- establishing a second operating mode (57) of the said control unit 
(45) in which the second operating mode (57) comprises a second 
working speed range (70) with a second lower limit (69) for 
downshifting to a gear having a higher transmission ratio, where the 
second lower limit (69) is lower than the idling speed (80) of the 
internal combustion engine (1); 

- establishing of a representation (74) of the highest permitted gear in 
the said second working speed range of the said control unit; 

- selection of either the said first or second operating mode (56, 57) of 
the said control unit (45); 

- generation of a downshift signal to a gearbox on passing the said first 
limit (68), should the control unit have assumed its first operating 
mode (56); 

- driving of the vehicle in the said highest permitted gear in the said 
second speed range (70); and 
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- generation of a downshift signal to a gearbox on passing the said 
second limit (69), should the control unit have assumed its second 
operating mode (57). 

5 14) The method as claimed in claim 13, characterized in that a 
management unit (53) assigned to the internal combustion engine 
comprises an idling speed regulator (75), the said idling speed regulator 
(75) controlling the torque delivered by the internal combustion engine 
when the vehicle is operated at idling speed in the said second operating 
10 mode. 

15) The method as claimed in either of claims 13 or 14, characterized in 
that the said highest permitted gear is selected from the said 
representation (74) of the highest permitted gear as a function of the 

15 current weight of the vehicle and the current gradient of the road on 

which the vehicle is being driven. 

16) The method as claimed in either of claims 13 or 14, characterized in 
that the said control unit (45) contains a representation (74) defining the 

20 highest permitted starting gear as a function of the current weight of the 

vehicle and the current gradient of the road on which the vehicle is being 
driven, and that the said selection of the highest permitted gear is 
undertaken from the said representation (73) defining the highest 
permitted starting gear plus a predetermined number of shift stages. 



25 



17) The method as claimed in any of claims 13 to 16, characterized in that 
downshifting from the said highest permitted gear at idling speed is 
undertaken following the occurrence of slip in a clutch unit (3) forming 
part of the vehicle drivetrain, the said slip occurring as a result of the fact 
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that the torque required to drive the vehicle in the current operating 
situation is greater than a predetermined torque level of the idling speed 
regulator (75) of the internal combustion engine. 

5 18) The method as claimed in any of claims 13 to 17, characterized in that 
the control unit assumes its second operating mode (57) in that a throttle 
lever (54) forming part of the vehicle is released during operation of the 
vehicle. 
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ABSTRACT 



Vehicle comprising an internal combustion engine and a drivetrain coupled to 
the said internal combustion engine, together with a control unit for automatic 
gear selection as a function of the current rotational speed of an input shaft to 
the gearbox, in which the said control unit is designed to assume a first 
operating mode having a first working speed range with a first lower limit for 
downshifting to a gear with a higher transmission ratio, and method of automatic 
gear selection in a gearbox forming part of a vehicle. 
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